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Abstract Interferon-beta (IFN-beta) therapy for multiple
sclerosis (MS) is associated with a potential for induction of
neutralizing antibodies (NAbs). Because immune reactivity
depends on changes in lipoprotein metabolism, we investi-
gated whether plasma lipoprotein profiles could be associ-
ated with the development of NAbs. Thirty-one female MS
patients treated with subcutaneously administered IFN-beta
were included. Demographic and clinical characteristics
were compared between NAbs response groups using t tests
for continuous and logistic regression analysis and Fisher’s
exact tests for categorical data, respectively. Multivariate
logistic regression was used to evaluate the effect of potential
confounders. Patients who developed NAbs had lower apoE
levels before treatment, 67 (47–74) mg/L median (interquar-
tile range), and at the moment of NAb analysis, 53 (50–84)
mg/L, in comparison to those who remained NAb-negative, 83
(68–107) mg/L, P = 0.03, and 76 (66–87) mg/L, P = 0.04,
respectively. When adjusting for age and smoking for a one-
standard deviation decrease in apoE levels, a 5.6-fold increase
in the odds of becoming NAb-positive was detected: odds
ratios (OR) 0.18 (95% CI 0.04–0.77), P = 0.04. When
adjusting for apoE, smoking habit became associated with
NAb induction: OR 5.6 (95% CI 1.3–87), P = 0.03. These
results suggest that apoE-containing lipoprotein metabo-
lism and, possibly, tobacco smoking may be associated with
risk of NAb production in female MS patients treated with
IFN-beta.
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Introduction
Interferon-beta (IFN-beta) therapy for multiple sclerosis
(MS) is associated with a potential for development of
neutralising antibodies (NAbs). Several recent studies have
shown that the clinical efficacy of IFN-beta is diminished
by the presence of NAbs [1, 2]. Differences related to IFN-
beta preparations, dose and frequency of administration
and individual genetic factors are known to affect the risk
for NAbs production [3, 4]. However, metabolic charac-
teristics also influence immune responses, and hence might
affect NAbs development in MS patients. For example,
recent data have emphasized the relationships between
lipoprotein metabolism and both innate and adaptive
immunity [5, 6]; alterations in plasma lipoproteins levels
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have also been found in MS patients [7, 8]. However, the
pathogenic and clinical importance of these alterations in
MS remains uncertain. We therefore investigated whether
the plasma lipoprotein profiles of MS patients treated with
IFN-beta were associated with risk of developing NAbs.
Patients with and without NAbs were further characterized
by assessments of neopterin, ferritin, leptin and uric acid
plasma levels. The potential influence of other medications
and tobacco smoking was also investigated.
Methods
Patients
Thirty-one female relapsing-remitting MS patients,
according the McDonald criteria [9], who initiated IFN-
beta therapy were included in this study. These patients
were recruited from the MS outpatient clinic at the
Department of Neurosciences (Neurology Service) of the
Lisbon Hospital Centre and Faculty of Medical Sciences,
Lisbon, Portugal. Clinical data were recorded at baseline
(immediately before start of therapy) and at the time of
NAb analysis. These included age at disease onset, disease
and treatment durations, relapse rates (i.e. number of
relapses during the last 24 months), disease disability (the
expanded disability status scale, EDSS) [10], and disease
severity (the multiple sclerosis severity scale, MSSS) [11].
Tobacco smoking habits and concomitant medications
were also recorded. In this study, all patients labelled
smokers reported smoking at least five cigarettes per day.
No patient was taking lipid-lowering agents.
NAbs analysis was requested when clinical evaluation
revealed disease progression and/or the occurrence of one
or more relapses during the last 2 years of therapy. Disease
progression was defined as an increase of one point or more
on the EDSS, and sustained for at least 6 months [12].
Male patients were excluded from the study because of the
limited numbers available. Patients were treated with IFN-
beta-1a 22 or 44 lg s.c. 3 times weekly (Rebif) or with
IFN-beta-1b 250 lg s.c. every other day (Betaferon).
Patients treated with IFN-beta-1a 30 lg once a week
(Avonex) were excluded because of the lower potential of
Avonex to induce NAbs compared with the other formu-
lations [1, 2]. All patients were required to sign an
informed consent form, and the local ethics committee
approved this study.
Laboratory measurements
Patients included were clinically stable and analysed for
NAbs 24 h after the last interferon injection. At sampling
none of the patients had suffered from a relapse and none
had been treated with steroids for at least 1 month. Patients
were considered NAbs-positive if they had two consecutive
NAbs-positive blood test results, determined with an
interval of at least 6 months. NAbs were measured by an
antiviral neutralisation cytopathic effect assay (CPA)
(Biomonitor A/S, Copenhagen, Denmark). A sample was
considered positive if it neutralised [20% of added IFN-
beta (3 LU/ml). This assay has been clinically validated
and described in detail previously [2, 13].
Lipoproteins and inflammatory markers were analysed
on the same blood samples at the Faculty of Medical Sci-
ences, Lisbon, Portugal. Triglycerides, total cholesterol,
HDL cholesterol, apolipoproteins A-I (apoA-I) and B
(apoB) and uric acid levels were determined with enzy-
matic methods by using a Hitachi 911 autoanalyzer and
commercial kits (Roche Diagnostic, Mannheim, Germany).
Apolipoprotein E (apoE) was determined by electroim-
munodiffusion (Sebia, Emery, France) and LDL-choles-
terol by using the Friedwald formula [14]. Neopterin was
measured by ELISA (IBL, Hamburg, Germany), leptin by
radioimmunoassay (LINCOResearch, St. Charles, MO,
USA), and ferritin with a chemiluminescent immunoassay
(Abbott, Longford, Ireland). The plasma lipoprotein pro-
files were also analysed in all patients before the beginning
of interferon therapy. ApoE polymorphism was examined
by using an isoelectric focusing method, as described
previously [15].
Statistical analysis
Patient demographic and clinical characteristics were
described using mean values [standard deviations and
medians (interquartile range)] for continuous variables.
These characteristics were compared between NAbs
response groups using two-tailed t tests for continuous and
logistic regression analysis and Fisher’s exact tests for
categorical data, respectively. Multiple logistic regression
analysis was used to adjust smoking habit to the factors
found to be significant in univariate analysis. Odds ratios
(OR) and 95% confidence intervals (CI) are presented and
statistical significance was considered at the 5% level.
Results
As shown in Table 1, disease activity, severity and dis-
ability progression did not differ between NAbs-negative
patients and those (35%) who became NAbs-positive.
Concentrations of lipids and inflammatory markers,
determined at the moment of NAbs analysis, are shown in
Table 2. Compared with NAbs-positives, patients without
NAbs had higher apoE OR 0.33 (95% CI 0.11–0.96),
P = 0.04 and neopterin levels OR 0.19 (95% CI
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0.05–0.76), P = 0.02. Before the beginning of therapy,
patients who later remained NAbs-negative also had higher
levels of apoE than those who became NAbs-positive [OR
0.32 (95% CI 0.11–0.89), P = 0.03]; Table 3. ApoE4 and
apoE2 isoforms were present in 10 and 15% of patients
without NAbs and in 18 and 9% of those who developed
NAbs, P = 0.52 and P = 0.64, respectively.
When adjusting for age and smoking, for one-standard
deviation decrease in apoE levels the odds of becoming
NAb-positive increases 5.6-fold [OR 0.18 (95% CI 0.04–
0.77), P = 0.04]. When adjusting for apoE, smoking habit
became significantly associated with NAbs production [OR
5.6, (95% CI 1.3–86.9), P = 0.03]. No associations were
found between apoE and smoking and the studied inflam-
matory markers nor between relapse rates (before and after
treatment) and apoE levels (data not shown). However,
when dichotomizing apoE levels from its median value,
levels \74 mg/L appeared to be associated with higher
relapse rates before treatment (P = 0.02), but not with
relapse rates after treatment (P = 0.56).
Table 1 Clinical and demographic characteristics of female multiple sclerosis patients before the beginning of IFN-beta therapy and at the
moment of NAb analysis














Age: mean years (SD) 39 (9.8) 42 (9.3) 0.38 44 (10) 47 (9.5) 0.41
Age at onset: mean years (SD) 31 (9.3) 36 (9.3) 0.14
Disease duration: mean years (SD) 8.9 (7.6) 6.5 (4.7) 0.36 13.9 (7.9) 12 (5.7) 0.36
Treatment duration: mean years (SD) 5.05 (1.9) 4.9 (2.8) 0.87
Annual relapse rate: mean (SD) 0.83 (0.41) 1.14 (0.67) 0.13 0.68 (0.57) 0.95 (0.65) 0.23
EDSS score: mean (SD) 3.3 (1.3) 3.2 (1.5) 0.86 4.8 (1.3) 4.2 (1.5) 0.21
MSSS score: mean (SD) 5.1 (2.2) 5.2 (2.2) 0.84
Smokers: n (% of total) 6 (30) 7 (64) 0.13 6 (30) 7 (64) 0.13
Patients on other medications: n (% of total) 4 (20) 3 (27) 0.67 3 (15) 2 (18) 0.83
IFN-beta preparation
Rebif: n (% of total) 13 (65) 5 (45) 0.45
Betaferon: n (% of total) 7 (35) 6 (54) 0.45
IFN interferon, NAb neutralising antibody, SD standard deviation, EDSS expanded disability status scale, MSSS Multiple sclerosis severity scale
P values were calculated using two-sample t test and Fisher’s exact test
Table 2 Plasma lipoprotein profile and inflammatory markers in NAb-negative and -positive female multiple sclerosis patients
NAb-negative (n = 20) NAb-positive (n = 11) ORa P value
Triglycerides (mg/dL) 112 (97–152) 125 (122–184) 1.30 (0.63, 2.71) 0.48
Total cholesterol (mg/dL) 209 (190– 220) 236 (176–248) 1.29 (0.60, 2.81) 0.52
LDL-cholesterol (mg/dL) 136 (120–149) 140 (89–166) 1.03 (0.49, 2.17) 0.93
HDL-cholesterol (mg/dL) 47 (41–58) 48 (45–51) 0.97 (0.45, 2.09) 0.94
Apolipoprotein A-I (mg/dL) 147 (130–165) 158 (135–191) 2.01 (0.86, 2.43) 0.11
Apolipoprotein B (mg/dL) 90 (76, 103) 108 (80–118) 2.00 (0.87, 2.56) 0.10
Apolipoprotein E (mg/L) 76 (66–87) 53 (50–84) 0.33 (0.11, 0.96) 0.04
Neopterin (ng/mL) 12 (9–14) 7 (4–10) 0.19 (0.05, 0.76) 0.02
Ferritin (ng/mL) 70 (26–223) 60 (30–70) 0.40 (0.13, 1.25) 0.12
Leptin (ng/mL) 19 (9–34) 11 (6–17) 0.47 (0.18, 1.23) 0.12
Uric acid (mg/dL) 4.3 (3.5–4.9) 3.9 (3.3–4.4) 0.76 (0.39, 1.48) 0.42
Body mass index (kg/m2) 27 (21–31) 23 (21–30) 0.81 (0.40, 1.65) 0.56
NAb neutralising antibody, LDL low-density lipoprotein, HDL high-density lipoprotein, OR Odds ratio
a Odds of being NAbs positive relative to NAbs negative per 1-SD difference
Data are shown as medians with interquartile ranges. P values were calculated using univariate logistic regression analysis
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Discussion
Several studies have shown that the clinical efficacy of
IFN-beta is reduced by the presence of NAbs (reviewed in
Refs. [1, 2]). However, a poor response to this treatment
may also reflect the heterogeneity of the disease and
individual genetic or metabolic differences not associated
with the presence of NAbs [12, 16]. Our cohorts of NAbs-
positive and -negative patients did not present significant
differences in their clinical characteristics at baseline
and at the moment of NAbs analysis. Hence, our find-
ings suggest that innate differences in plasma apoE
metabolism may be associated with the risk for NAbs
development.
In addition to its well known role in lipid transport and
metabolism, several studies have shown that apoE
has immunosuppressive and anti-inflammatory effects
(reviewed in Ref [6]). In MS, increased plasma apoE levels
during exacerbations [17] could be related to a compen-
satory mechanism making use of the immunosuppressive
effect of this apolipoprotein, as administration of apoE-
mimetic peptides attenuates inflammatory responses in
murine models of the disease [18]. The observed associa-
tion between lower apoE levels and the risk for NAbs
production in our study supports this notion, as does the
association between lower apoE levels and higher relapse
rates found in patients only before the beginning of therapy
and therefore independent of NAbs developed at later
stages. Many studies have shown that the immune system
directly influences lipoprotein homeostasis [5, 6, 19].
Inflammatory insults are associated with a decreased
clearance and increased circulating apoE, which may pro-
mote its anti-inflammatory and immunomodulatory effects
[19]. Hence, innate differences in apoE-containing lipo-
protein metabolism might also influence NAb formation in
MS patients in that an adaptive upregulatory response of
plasma apoE to systemic inflammation might protect
against NAbs development. This hypothesis is supported
by data suggesting that MS patients who produce anti-IFN-
beta binding antibodies have an increased incidence of
autoreactive antibodies, including antiphospholipid and
antithyroid antibodies [20]. The possible involvement of
lipoprotein metabolism in NAbs production is of further
interest in the context of other studies [7, 8], implicating a
disturbance of this metabolism in MS and the potential
benefit of statin monotherapy in these patients [21].
Our results confirm previous work on an induction of
serum neopterin levels by this treatment and a decrease of
its levels in patients who develop NAbs [1]. Most inter-
estingly, multivariate analysis suggests that smoking habits
may be associated with NAbs induction in these patients.
The mechanism(s) behind this is unknown. However, cig-
arette smoking is known to stimulate inflammatory
responses and to promote the formation of autoantibodies
in systemic autoimmune disorders [22]. Regardless of the
underlying mechanisms, our data suggest that smoking
habits should be evaluated in future studies of MS patients
treated with IFN-beta biologics.
In addition to the small sample size and restriction to
female gender, we recognize the limitations of the cross-
sectional design of our study. The associations suggested
by our findings need confirmation in an expanded context
of prospectively collected samples. In conclusion, this
work suggests that the risk for NAbs production in MS
patients treated with IFN-beta may be associated with
apoE-containing lipoprotein metabolism and, possibly,
with tobacco smoking. Further studies are needed to sub-
stantiate these findings, which could open new therapeutic
and prophylactic strategies for this disease.
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